Epidemiological data show that solar radiation is carcinogenic in humans, and there are experimental results demonstrating that sunlight is indeed carcinogenic in rodents 1-3) An increased risk of skin cancer, possibly due to the increased UV radiation that was derived from the ozone layer-depletion, is a current issue in Australia 4, 5) There are numerous reports on experimental photocarcinogenesis 6). Although there are studies demonstrating mutagenicity and cytotoxicity of sunlight in cultured cells 7), bacteriophage8,9), Bacillus subtilis spores 10) and yeast 11) , no data are available on the sunlight mutagenicity in somatic cells. The Drosophila wing spot test is useful to detect the somatic cell mutation including gene mutation, chromosomal recombination, segmental chromosomal deletions, and nondisjunction 12). In this study, we have examined the mutagenic activity and lethality of sunlight using the Drosophila wing spot test. We have been able to detect somatic cell mutations in the Drosophila larvae that have been exposed to sunlight in the field of Okayama University. We have monitored the mutagenicity for 2 years, measuring the UV insolation alongside.
We also measured the amount of cyclobutane thymine dimers and (6-4)photoproducts in the DNA extracted from the sunexposed Drosophila larvae; these DNA lesions are believed to be responsible for photocarcinogenesis 13, 14) MATERIALS AND METHODS
Materials
Drosophila melanogaster, y; Dp(1;3)sc14, y+ flr/TMI, Me ri sbd2 males and y; mwh j v females were used in the wing spot test. These Drosophila strains were gifts of Dr. K. Fujikawa (Kinki University, Higashi-osaka) and Dr. H. Ryo (Osaka University, Suita 
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RESULTS AND DISCUSSION
We have monitored the mutagenicity caused by solar radiation in 1997 ( Figure 2 ) and in 1998 ( Figure 3 ). The mutagenicities increased depending on the exposure period and UV fluence within each day tested. The highest mutagenicity found was about 2 total spots/wing. We reported previously that a similar extent of mutagenesis was induced by UVA irradiation (320-400 nm, with black light) at about 200 kJ/m221) On some clear days, when the sunlight was very strong (UVA 200 kJ/m2; UVB 100 kJ/m2), larvae were killed after a 4 hrexposure. The lowest mutagenicity, observed in December, was found to be still statistically positive. As Figure 4 shows, both of the photoproducts in the larval DNA increased with the elongation of the exposure time up to 4 hr. On exposure for 6 hr, the photoproducts decreased. It is conceivable that the rate of photoproduct formation was reduced as the passage of day-time due to the decline of solar radiation, while the repair of photodamage stayed constant.
The mutagenicities were in a stationary phase after the 6 hrexposure.
During the two-year monitoring, sunlight in the summer was about 3-5 times more mutagenic than that in the winter.
Although the mutagenicities increased depending on the UV fluences within a day examined, the correlation between the mutagenicities and UV fluences among 14 experiments for two years was not significant, as shown in Figure 5 . It is suggested that the causes of mutagenic events are different among individual days. One possibility is that the light composition in sunlight may vary depending on the season and weather2,4).
The UV dose declines in late afternoon, and yet the mutagenicity stayed constant (Figure 2, 3) .
In this study, we demonstrated that sunlight causes somatic mutations in Drosophila. We consider that this Drosophila test may be useful as a model for higher organisms. 
